Electron spin resonance (ESR) widely used in analytical sciences has become a method of dating and analysis in geosciences, archaeology and forensic science. ' We are involved in an ESR study of some geological materials and came across the necessity to determine the distribution of some paramagnetic species. The spatial distribution of paramagnetic species is obtained in ESR imaging by utilizing the additional linear magnetic filed gradient superimposed on a uniform magnetic field. Although the basic idea of this method is the same as that in magnetic resonance imaging (MRI) or NMR imaging, some problems arise in ESR imaging from the lineshape of ESR signals. The broad linewidth and hyperfine structure in ESR signals make ESR imaging more difficult than NMR imaging. ESR imaging of specimens which contain several paramagnetic species is especially complicated.2 Several investigations to solve these problems have been reported.
The field gradient coils have been inserted in the microwave cavity to obtain the high field gradient and high spatial resolution. Microscopic imaging of radiation-induced defects in NaCI was reported as an example of microdosimetry.3 In another trial, the localized modulation field was scanned mechanically in the microwave cavity instead of using a magnetic field gradient to obtain the surface distribution of paramagnetic species, especially alanine radicals in ESR dosimetry.4 In these new trials, the characteristic feature was to use the localized magnetic field at a pin-hole region to obtain the microscopic ESR image rather than the magnetic field gradient used in MRI.
In this letter, we present a preliminary result of ESR microscopic imaging which utilizes a localized microwave magnetic field produced at the surface of a specimen using a cavity with a pin-hole. We have localized the microwave magnetic field for ESR. The resolution of this imaging method does not depend on the lineshape of signals but on the shape and size of a pin-hole in the cavity. Two-dimensional ESR image at the flat surface of a carbonate fossil, crinoid, is shown as a demonstration of the present surface scanning microscope system.
Experimental
The system consists of an X-band ESR spectrometer (JEOL FE-1X), a rectangular cavity with a pin-hole, a mechanical X-Y stage with stepping motors for scanning a sample, a personal computer (NEC PC9801VX) for system control and data acquisition and a homedesigned permanent magnet of NdBFe (Neomax) with field sweep coils (special product of Sumitomo Special Metal Co., Ltd.) instead of the electromagnet of FE-1X spectrometer. Figure 1 shows the arrangement of a sample and a cavity developed for this work. A small hole with 1 mm in diameter on the 0.2 mm thick upper plate of a rectangular cavity (TE102 mode) localizes the microwave out of the cavity. The 100 kHz magnetic field modulation was made from the upper wire outside the cavity. Fig. 1 An arrangement of a microwave cavity and a specimen for the ESR imaging. The lines with an arrow denotes the microwave magnetic field in the cavity (TE102 mode). The sample is scanned using an X-Y stage and stepping motors with a personal computer. SCIENCES DECEMBER 1988, VOL. 4 Therefore, the ESR signal of the sample only fron nearby the hole can be obtained with this apparatus 
Results and Discussion
In order to investigate the intensity of microwave power around the pin-hole, a test sample of DPPH wa moved in two directions, x-and z-directions, parallel t~ the upper plate by 0.1 mm steps. ESR spectrum wa obtained at each position by sweeping static magnetic field. The signal intensity was calculated from dif ferences of the maximum and minimum of the firs derivative spectrum.
The detailed studies on the optimum power intensity and its microscopic distribu tion around the pin-hole will be published elsewhere together with the method of obtaining a high resolutioi with the deconvolution algorithm.
Some fossils are measured to demonstrate the feasi bility of ESR scanning microscope. Among these, typical example of ESR imaging is shown for a car bonate fossile of crinoid. Crinoid is characterized b~ quiqueradiate symmetry at the section of the columna stem. A typical ESR spectrum measured with a com mercial ESR spectrometer using a cylindrical cavity i shown in Fig. 2 . The characteristic features are the presence of the prominent six lines associated with the hyperfine structures (hfs) of Mn2+ and the signal o radicals created by natural radiation; the latter is use to date relatively young fossils.' We have observed th ESR spectrum at the region of the radicals and the fourth line from the low field among six Mn2+ hfs lines.
A slice of a stem of crinoid 1 mm in thickness am 15 mm in diameter were moved by 0.2 mm steps on the cavity with a pin-hole of 1 mm diameter. The numbe of points are 101 X 101 for the x-z plane of 2 cmX2 cn region. The distribution of Mn2+ in the sample of a crinoid is shown in Fig. 3 . The signal intensities at each measured point is divided into 16 tones in black and white and is shown on the CRT display. It is clear that the outer part of the crinoid has higher Mn2+ concentration than the inner quinqueradiate part, presumably due to the diffusion of Mn2+ from the environment in geological time, as discussed for feldspars and carbonate fossils.5 At the central part, almost no Mn2+ is detected, but other signals associated with CO33-in CaCO3 was observed. The signal has a directional anisotropy, as small single crystals are at the central part.
This study indicates that the method of ESR imaging utilizing a localized microwave magnetic field is useful to investigate the surface distribution of paramagnetic species. Large specimens which can not be inserted into a microwave cavity can be the object. A specimen which has spatially varying spectrum due to the presence of several kinds of paramagnetic species can be investigated. The distribution of some specific paramagnetic species can be shown as an ESR image on a CRT since the spectrum in a wide range of the magnetic field is measured at each site. One can also recall the ESR spectrum at some particular point of the image as all parts of the ESR spectra are stored on a floppy disk.
We have demonstrated a new method of the scanning ESR imaging or an ESR surface microscope using a geological sample of a carbonate fossil of crinoid. The wide use of this system is expected as an analytical tool in medical or biological research involving 
